Abstract The current study examined socio-demographic variability in adolescent substance use and the mediating roles of maternal knowledge, paternal knowledge and peer substance use. The data were obtained from the United States records (N=8,795) of the Health Behavior in School-
. Previous studies have shown that parental knowledge is a protective factor against adolescent use of cigarettes (Simons-Morton et al. 2001) , alcohol (Barnes and Farrell 1992) , and marijuana (Hoffmann 2002) , although there is disagreement as to whether parental knowledge is associated with adolescent substance use directly or indirectly through other variables such as peer substance use. Steinberg et al. (1994) , for instance, found that parental knowledge has a direct protective effect but not an indirect effect on adolescents' use of alcohol, marijuana and other substances in a sample of adolescents in Wisconsin and northern California. Two other studies conducted in Maryland, however, showed that parental knowledge has both direct and indirect protective effects on adolescent smoking and drinking progression, and the indirect effect was through substance-using friends (Simons-Morton 2007; Simons- Morton et al. 2004) . Given the few studies on this topic, it is not yet clear the extent to which parental knowledge provides direct or indirect protective effects on adolescent substance use. It is possible that inconsistencies in the current findings are due to the use of different samples, characterized by different age groups, race/ethnic composition, and urban or rural locations, highlighting the need to test the relationships between parental knowledge, peer substance use and adolescent substance use in a diverse and nationally representative sample.
Another gap in the parental knowledge and substance use literature is that few studies have examined paternal and maternal knowledge separately. Mixed findings were reported among the few studies that did (e.g., Waizenhofer et al. 2004 ). For example, Coley et al. (2008) reported that knowledge from either parent was protective against adolescent substance use with a similar magnitude. However, another study found that paternal knowledge was not a significant factor when maternal knowledge was controlled for (Waizenhofer et al. 2004) . Based on research showing that fathers are often less involved in parenting than mothers (Williams and Kelly 2005) , it is of interest to examine whether maternal knowledge may have a stronger association with adolescent substance use than paternal knowledge.
Contrary to the mixed findings in the parental knowledge literature, empirical studies on peer influence have consistently shown that peer substance use is among the strongest correlates or predictors of adolescent substance use (Hawkins et al. 1992; Hoffman et al. 2007 ). Concurrent and prospective analyses indicate that adolescents who associate with substance-using peers are more likely to smoke cigarettes (Simons-Morton 2002) , drink alcohol (Simons-Morton et al. 2004) , use marijuana (Bahr et al. 2005) , or use other illicit drugs (Stanton et al. 2002) . These findings are consistent with the problem behavior theory, which posits that associating with deviant peers increases the adoption of similar problem behaviors (Jessor and Jessor 1977) . Findings from the peer substance use and parental knowledge literature suggest that both are linked to adolescent substance use, but that peer substance use is a stronger correlate that may mediate the association between parental knowledge and adolescent substance use (e.g., Simons-Morton 2007).
Parental and Peer Influences as Mediators
Given the importance of parental knowledge and peer substance use in adolescent substance use prevention, it is of interest to examine whether these modifiable variables mediate the association between adolescent substance use and socio-demographic characteristics, including gender, age, race/ethnicity and family structure. Evidence suggests that, relative to boys and older adolescents, girls and younger adolescents experience a higher level of parental knowledge, which may in turn protect them from using substances (Barnes et al. 2000) . Similarly, a recent study on racial/ethnic differences in alcohol use demonstrated that African-Americans are less influenced by their friends who drank alcohol but are more influenced by parental support than Caucasians, which may partially explain the corresponding differences in adolescent alcohol use (Watt and Rogers 2007) . Likewise, parental and peer relations may mediate the association between family structure and adolescent substance use. Adolescents from intact families are less likely to use substances than those from non-intact families (Hoffmann 2002) . Previous studies have also examined parenting practices and peer affiliations as potential mediators of the family structure-substance use relationship. For example, Broman et al. (2008) found that after controlling for parenting, peer use, religiosity and neighborhood problems, the direct effect of family structure on adolescent substance use was minimal. These findings suggest that gender, age, racial/ethnic and family structure differences in adolescent substance use may be mediated by parental and peer variables such as parental knowledge and peer substance use.
The Scope of the Present Study
The purpose of the current study was to examine the sociodemographic variability in adolescent substance use and the mediating roles of paternal knowledge, maternal knowledge, and peer substance use in a diverse and nationally representative sample. The following research questions were addressed: (a) What is the variability in adolescent substance use by gender, grade, race/ethnicity, and family structure? (b) Are there both direct and indirect influences of maternal knowledge and paternal knowledge on adolescent substance use? and (c) To what extent can maternal knowledge, paternal knowledge and peer substance use mediate the socio-demographic variability in adolescent substance use?
Method

Sample and Procedure
The data were obtained from the United States records (N= 9011) of the Health Behavior in School-Aged Children (HBSC) 2005/2006 Survey, a World Health Organization collaborative cross-national study examining health behaviors among children and their social determinants. A threestage stratified sampling design was implemented for the selection of students in grades 6 through 10 in the United States. School districts, schools and then school classes were selected for study using a weighted probability technique to produce a nationally representative sample of students with an oversample of African-American and Hispanic students. This sampling design was fully taken into account in the analysis, through the special features dealing with complex survey data in Mplus, version 5 (Muthén and Muthén 2008) , the software used for the current study. Data were collected through anonymous selfreport questionnaires distributed in the classroom, with a student response rate of 85%. Youth assent and parental consent were obtained as required by the participating school districts. The study protocol was reviewed and approved by the Institutional Review Board of the Eunice Kennedy Shriver National Institute of Child Health and Human Development.
Measures
Socio-Demographic Characteristics Gender was measured as male or female. Grade was included as a continuous variable with five levels: 6 to 10. Race/ethnicity was measured as a four-category variable: Caucasian, AfricanAmerican, Hispanic, and other races or ethnicities. Family structure was measured with six categories: two-parent, single-mother, single-father, mother-stepfather, father-stepmother, and others. SES was used as a control variable in the current study as it is related to race/ethnicity and family structure. To avoid too many missing values on the traditional measures of SES, such as family income or parental education, we used the family affluence scale, FAS, developed especially for the HBSC, as the proxy for SES (Currie et al. 2008) . It consists of four items assessing family material wealth (i.e., having own bedroom, number of times on a traveling vacation in a year, number of home computers and number of cars owned). This scale has shown desirable reliability and validity (Schnohr et al. 2007 ). The four items were combined to produce a linear composite score, with a range from 0 (lowest affluence) to 9 (highest affluence).
Outcome Variable and Mediators
The outcome variable (substance use) and the three mediators (maternal knowledge, paternal knowledge and peer substance use) were all latent variables or factors, each measured by several items. In preliminary analyses, a series of confirmatory factor analyses were conducted to test the factor structures for each of the four factors. The results showed desirable goodness-of-fits and confirmed the measurement models.
Adolescent substance use was measured by asking students the number of occasions in the last 30 days they had (1) drunk alcohol; (2) been drunk; (3) smoked cigarettes; and (4) taken marijuana. The five-point scale ranged from 0 (never) to 4 (more than 10 times). Peer substance use was assessed by four questions that asked respondents how many of their friends (1) drank alcohol; (2) had been drunk at least once every week; (3) smoked cigarettes; and (4) used marijuana. The scale ranged from 0 (none) to 4 (all). Maternal and paternal knowledge were measured separately by adolescents' perceived maternal (or female guardian's) and paternal (or male guardian's) awareness of the following items: (1) who their friends were; (2) how they spent their money; (3) where they were after school; (4) where they went at night; and (5) what they did with their free time. Both maternal knowledge and paternal knowledge had four-point scale responses. For instance, response choices for maternal knowledge were 0 (Don't have/see mother/guardian), 1 (She doesn't know anything), 2 (she knows a little) and 3 (she knows a lot).
Analysis
Our analyses consisted of two steps. The first step was to develop a multiple indicator multiple cause model, MIMIC model, with the purpose of examining the variability in adolescent substance use by socio-demographic variables, including gender, grade, race/ethnicity, family structure and FAS. The second step was to further generate a structural equation model, SEM, by adding the three hypothesized mediators, maternal knowledge, paternal knowledge and substance-using peers, as shown in Fig. 1 . The model tested four regressions simultaneously: (1) a regression of maternal knowledge on socio-demographic variables; (2) a regression of paternal knowledge on socio-demographic variables; (3) a regression of substance-using peers on maternal knowledge, paternal knowledge, and sociodemographic variables; and (4) a regression of adolescent substance use on maternal knowledge, paternal knowledge, substance-using peers, and socio-demographic variables.
As shown in Fig. 1 , the SEM allows us to test four sets of pathways leading to adolescent substance use: (1) pathway from substance-using peers to adolescent substance use showing peer influence; (2) pathways from maternal or paternal knowledge to adolescent substance use, showing their direct influences on adolescent substance use; (3) pathways from maternal or paternal knowledge to substance-using peers, and then to adolescent substance use, showing their indirect influences on adolescent substance use through substance-using peers; and (4) pathways from each of the socio-demographic variables to maternal knowledge, paternal knowledge, substance-using peers, and adolescent substance use, testing the sociodemographic differences in the outcome variable and in the three mediators simultaneously. We also expected maternal knowledge and paternal knowledge to be positively correlated. In addition, as shown in Fig. 1 , we have the same measures for maternal knowledge and paternal knowledge, and one-to-one corresponding substance use items for adolescents and their peers, so we defined the measurement errors for the paired items to be correlated.
A mediating effect is evident when there are significant paths between adolescent substance use and the three mediators, between adolescent substance use and the socio-demographic variables, and between the mediators and the socio-demographic variables (Baron and Kenny 1986) . A significant path from a socio-demographic variable to adolescent substance use in the MIMIC model that becomes non-significant in the SEM would indicate a total mediation. Significance level was set as 0.05.
All models were tested with the software package Mplus (Muthén and Muthén 2008) . Mplus allows the use of both continuous and ordinal indicators as independent and dependent variables. In our models, we had a mixture of both types of variables. For example, the variables of adolescent substance use, peer substance use, maternal and paternal knowledge were all strongly skewed and were configured as ordinal variables. Another advantage of using Mplus is that it enabled us to make use of all available data, including cases with some missing responses, through the estimation of Full Information Maximum Likelihood (FIML) (Schafer and Graham 2002) . To evaluate the fit of the models, we used three goodness-of-fit indexes, CFI, TLI, and RMSEA (Kline 1998) . Usually CFI and TLI values above 0.90 and RMSEA less than or equal to 0.06 indicate acceptable fit (Hu and Bentler 1999) . Chi-square statistics were less suitable in our study, given the large sample size.
Results
Sample Characteristics
Of the 9,011 adolescents who completed the HBSC survey of 2005, 216 (2.4%) were excluded from our analyses due to missing information on the socio-demographic variables. Sample characteristics for the remaining 8,795 adolescents are reported in Table 1 .
Prevalence of Adolescent Substance Use
We report in Table 1 the percentages of adolescents who had experience with drinking alcohol, being drunk, smok- One set is for the correlation between the same measures of knowledge from mothers and fathers. The other set is for the correlation between the same measures of substance use for adolescents and their peers ing cigarettes, or using marijuana for at least once in the last 30 days. About 32% of adolescents had drunk alcohol and 18.1% had been drunk in the past 30 days, 13.6% had smoked cigarettes, and 8.9% had used marijuana.
Socio-Demographic Variability in Substance Use
The MIMIC model tested the associations between the latent variable of adolescent substance use and the four socio-demographic variables; i.e., gender, grade, race/ ethnicity, and family structure, with FAS as the control variable. The results showed a desirable goodness-of-fit, CFI=0.991, TLI=0.990, and RMSEA=0.027. The regression coefficients in the MIMIC model are listed in the second column of Table 2 .
As shown in Table 2 , there was no significant gender difference in adolescent substance use, with controlling for other socio-demographic variables. Higher grade was associated with more substance use (the unstandardized regression coefficient, β=0.235, p<0.001). With Caucasian adolescents as the referent, African-American adolescents reported less substance use and Hispanic adolescents reported more use. With adolescents from two-parent families as the referent, those from all five non-intact families reported more substance use. Family affluence had a positive relation with substance use, but the magnitude of the association was small (the standardized regression coefficient, β=0.019).
Direct and Indirect Influences of Maternal and Paternal Knowledge
The direct and indirect influences of maternal and paternal knowledge were tested in the SEM, shown in the third through six columns in Table 2 under Model 2. Indices of goodness-of-fit of the SEM showed a desirable fit, CFI= 0.986, TLI=0.986, and RMSEA=0.029. The SEM tested four regressions simultaneously, involving both observed and latent variables. The regression coefficients are reported in columns three to six of Table 2 .
Direct Influences The last two columns in Table 2 contain coefficients for the two regressions with substance-using peers and adolescent substance use as outcome variables. As shown in the last column, peer substance use was strongly associated with adolescent substance use (β=0.629). Maternal knowledge was negatively associated with adolescent substance use, (β=−0.195), illustrating a direct influence. The direct influence of paternal knowledge on substance use was −0.046, and was only marginally significant (0.05<p<0.10). Indirect Influences Maternal and paternal knowledge would have indirect influences on adolescent substance use if they are associated with peer substance use. As shown in column five of Table 2 , maternal and paternal knowledge were both negatively associated with substance-using peers (β= −0.338 for maternal knowledge and −0.099 for paternal knowledge). Thus, both maternal knowledge and paternal knowledge had indirect influences on adolescent substance use, with the standardized magnitudes of 0.213, which was the product of 0.629 and 0.338, for maternal knowledge, and 0.062 for paternal knowledge.
Mediating Roles of Parental Knowledge and Peer Substance Use
By comparing the regression coefficient of each sociodemographic variable on adolescent substance use in the MIMIC model with the corresponding coefficient in the SEM, we can test the mediating roles of maternal knowledge, paternal knowledge and peer substance use.
Gender As shown in Table 2 , there was no gender difference in substance use in either the MIMIC model or in the SEM.
Grade Grade difference in substance use was significant in the MIMIC model, but not significant in the SEM, indicating a total mediation. By examining grade differences in the three mediators, we found that older adolescents reported less maternal knowledge, less paternal knowledge and more substance-using peers.
Race/Ethnicity The racial/ethnic differences in substance use between Caucasian and African-American adolescents or between Caucasian and Hispanic adolescents, which were significant in the MIMIC model, became nonsignificant in the SEM, indicating a total mediation. Racial/ethnic differences were found in all three mediators. Specifically, African-American adolescents reported less maternal knowledge, less paternal knowledge, but also fewer substance-using peers. Hispanic adolescents reported less maternal and paternal knowledge. The racial/ethnic differences in maternal knowledge, paternal knowledge and substance-using peers totally explained the racial/ethnic differences in adolescent substance use.
Family Structure With two-parent family structure as the referent, the adolescent substance use difference between two-parent family structure and father-stepmother or other family structure was still significant, but there was no difference between adolescents from two-parent and those from mother-only, father-only, or mother-stepfather family structures. By examining the family structure differences in the three mediators, we found that adolescents from all five non-intact families reported less maternal knowledge, especially for those from the two father-custody families (single-father: β = −0.578 and father-stepmother: β = −0.292). Furthermore, less paternal knowledge was observed among adolescents in single-mother, mother-stepfather or other family structures, whereas more paternal knowledge was found among those from father-only families. In addition, those from the two step-parents families reported more substance-using friends (motherstepfather: β=0.121 and father-stepmother: β=0.176).
Family Affluence Family affluence had a significant influence on substance use in both the MIMIC model and the SEM, which showed no clear signs of mediation. However, it is interesting to note that a higher level of family affluence was not only related to more maternal knowledge, more paternal knowledge, but also more substance-using peers.
Discussion
The purpose of the current study was to examine the sociodemographic variability in adolescent substance use and the mediating roles of parental knowledge and peer substance use. We found that maternal knowledge had both direct and indirect influences on adolescent substance use, whereas paternal knowledge only had an indirect effect. Maternal knowledge, paternal knowledge and peer substance use totally mediated differences in adolescent substance use by grade, differences between Caucasian adolescents and AfricanAmerican or Hispanic adolescents, differences between adolescents from two-parent families and those from singlemother, single-father, or mother-stepfather families.
Direct and Indirect Influences of Maternal and Paternal Knowledge
Our results on the direct and indirect influences of maternal knowledge and the indirect influence of paternal knowledge are consistent with its protective influence on adolescent substance use both directly and indirectly through buffering adolescents' association with substance-using peers found in previous studies (Simons-Morton 2007; Simons- Morton et al. 2004) . Maternal knowledge had both direct and indirect influences, with similar magnitudes. Paternal knowledge was positively correlated with maternal knowledge, but it had only a marginally significant direct influence when parallel with maternal knowledge. This is consistent with findings of Waizenhofer and colleagues' (2004) study. Waizenhofer et al. examined the methods mothers and fathers obtained their information used to obtain their knowledge about their children. They found that mothers mainly obtained their knowledge through children's disclosure of information, whereas fathers obtained their information mainly through their communications with mothers. Similarly, a series of studies by Stattin and Kerr showed that parental knowledge was gained mainly through child disclosure of information, and not by monitoring through tracking and overt surveillance Stattin and Kerr 2000) . They suggested it could be the emotional attachment between adolescents and their parents that caused adolescents to communicate with their parents and to be better adjusted. In addition, the indirect influence of paternal knowledge indicates that fathers may have protective influences on adolescent substance use by reducing the likelihood of forming friendships with deviant peers, and this protective influence is independent from maternal influences.
Mediating Roles of Parental Knowledge and Peer Substance Use
Gender We did not find any gender differences in adolescent substance use in either the MIMIC model or SEM. However, gender was related to all three mediators, in that girls reported more maternal knowledge, less paternal knowledge and more substance-using peers. The gender difference in maternal and paternal knowledge is consistent with literature that parents have more knowledge about their same-sex children (Crouter et al. 1999) . The relation between gender and substance-using peers is analogous to previous studies that girls are more susceptible to peer influence (e.g., Simons-Morton et al. 2001) . However, our study shows that boys and girls differ on the numbers of substance-using peers, rather than the strength of the association between adolescent and peer substance use.
Grade As there was no grade difference in adolescent substance use in the SEM, we can conclude that parental knowledge and peer substance use totally mediated grade variability in adolescent substance use. The total mediation of grade differences shows the important roles played by parental knowledge and peer substance use, especially from a developmental perspective. We found that older adolescents reported less maternal knowledge, less paternal knowledge, and more substance-using peers, which was consistent with previous studies (Barnes et al. 2000; Simons-Morton et al. 2001) .
Race/Ethnicity Parental knowledge and substance-using peers also mediated racial/ethnic variability in adolescent substance use. Specifically, African-American adolescents reported less maternal knowledge, less paternal knowledge, and fewer substance-using friends, which collectively explained the differences in substance use between them and Caucasian adolescents. Hispanic adolescents reported less maternal and paternal knowledge, which in turn explained their higher frequency of substance use compared to Caucasian adolescents.
Family Structure All five categories of non-intact families were related to higher frequencies of substance use, a finding consistent with previous studies (e.g., Hoffmann 2002) . When linking family structure to the three mediators, we found that adolescents in all five non-intact families reported less maternal knowledge, especially for those in father-only or father-stepmother families. Adolescents in the three father-absent families; i.e., mother-only, mother-stepfather and other family structure, reported less paternal knowledge, whereas those in father-only families reported less paternal knowledge. We also found more substance-using peers among adolescents in the motherstepfather and father-stepmother families. Less maternal knowledge, less paternal knowledge, and more substanceusing peers totally mediated family structure differences in adolescents from the two-parent families and those from single-mother, single-father or mother-stepfather families.
Contributions to the Literature
This research can contribute to the literature in at least three ways. First, we studied the separate roles of mothers and fathers on adolescent substance use. By separating paternal knowledge from maternal knowledge, father-only families from mother-only families, and father-stepmother families from mother-stepfather families, we uncovered different associations between these variables and adolescent substance use. For example, we found that maternal knowledge had both direct and indirect influences on substance use, whereas paternal knowledge had only an indirect influence through its negative association with substance-using peers. Second, a large representative US sample, with oversampling of African-American and Hispanic adolescents, allowed us to examine the differential contribution of race/ ethnicity, SES, and family structure on adolescent substance use. Previous studies showed mixed findings when examining racial/ethnic, SES or family structure differences in adolescent substance use (Hoffmann 2002) . A possible explanation for the conflicting results may be due to the inter-correlation between race/ethnicity, SES and family structure. For example, African-American adolescents are found more likely to come from poor and single-parent families (Blum et al. 2000) . Another explanation relates to the use of less representative samples, or insufficient numbers of certain racial/ethnic groups in the samples. For instance, substance use among Hispanic adolescents has been found to vary widely across studies, suggesting that larger and more representative samples are needed to detect the difference between Caucasian and Hispanic adolescents (Blum et al. 2000; Khoury et al. 1996) . In addition, the nationally representative sample in the current study allowed us to generalize the results to the population of US adolescents.
Third, the latent variable approach and the structural equation modeling we used in the current study have several advantages. For example, the estimated associations between the latent variables are unattenuated by modeling measurement errors. We also tested several regressions simultaneously without inflating type I errors. In addition, the flexibility of structural equation modeling allows us to include the correlation of measurement errors between the same substance used by adolescents and their peers. We found that the correlation was 0.163 for drinking alcohol, 0.059 for being drunk, 0.061 for smoking cigarettes, and 0.230 for smoking marijuana. It is consistent with the notion that the peer use of a particular substance has higher influence on adolescent use of the same substance. Moreover, this is also consistent with studies suggesting greater influence of marijuana-using peers on adolescent use of marijuana (Bahr et al. 2005; Kandel 1980 ). Thus, even though we used the latent variables for adolescent substance use and substance-using peers, showing the overall levels of alcohol, cigarette, and marijuana use, we also considered that a particular substance used by peers may have extra influence on adolescent use of the same item.
Limitations and Implications
It is also important to note the limitations of this study. First, while we have used the term "influence" to describe relationships between peer and adolescent substance use, the cross-sectional nature of the study limits conclusions about causal associations between adolescent and peer substance use. For instance, some researchers suggest both peer socialization and peer selection contribute to the initiation and progression of adolescent substance use (Simons-Morton 2007), a topic that was beyond the scope of the study. Longitudinal studies are needed to further examine both pathways of peer socialization and peer selection. Second, all the information was reported by the adolescent participants. Self-reported substance use is generally considered reliable (Post et al. 2005; Campanelli et al. 1987 ), but self-reports on substance-using peers may be inflated for those who currently use substances (Bauman and Ennett 1998) . Third, the SEM in our analyses assumes no moderating effects of any socio-demographic variable on the association between parental knowledge, peer substance use and adolescent substance use. Even though the model shows desirable goodness-of-fit, the variation of the association between parental knowledge, peer substance use and adolescent substance use by socio-demographic characteristics cannot be ruled out. Finally, the current study used a quantitative approach to examine the association between parental knowledge and substance use of adolescents and their peers. Future in-depth qualitative studies are recommended to identify new theoretical aspects of how parental knowledge is actualized in real life.
Nonetheless, the study findings indicate that maternal knowledge, paternal knowledge and peer substance use contribute to the explanation of the variability in adolescent substance use by grade, race/ethnicity and family structure. The information on socio-demographic differences in adolescent substance use, as well as their differences in parental knowledge and substance-using peers, should be useful for guiding prospective and intervention studies. Specific implications of the current study for future research, prevention practices and program development include: (1) additional research is needed to determine how peer substance use mediates the relationship between parental knowledge and adolescent substance use; (2) further research is needed to examine the mechanisms by which parent knowledge affects adolescent substance use (i.e., is it the effect of parents' actual knowledge about their adolescent child or does parent knowledge mainly reflect the parent-child relationship?); (3) prevention programs should be designed to increase parental knowledge and moderate peer influence, particularly among adolescent who report lower level of parental knowledge and relatively more substance using peers.
